Peatlands are a key component of the global carbon cycle. Chronologies of peatland initiation are typically based on compiled basal peat radiocarbon ( 14 C) dates and frequency histograms of binned calibrated age ranges. However, such compilations are problematic because poor quality 14 C dates are commonly included and because frequency histograms of binned age ranges introduce chronological artefacts that bias the record of peatland initiation. Using a published compilation of 274 basal 14 C dates from Alaska as a case study, we show that nearly half the 14 C dates are inappropriate for reconstructing peatland initiation, and that the temporal structure of peatland initiation is sensitive to sampling biases and treatment of calibrated 14 C dates. We present revised chronologies of peatland initiation for Alaska and the circumpolar Arctic based on summed probability distributions of calibrated 14 C dates. These revised chronologies reveal that northern peatland initiation lagged abrupt increases in atmospheric CH 4 concentration at the start of the Bølling-Allerød interstadial (Termination 1A) and the end of the Younger Dryas chronozone (Termination 1B), suggesting that northern peatlands were not the primary drivers of the rapid increases in atmospheric CH 4 . Our results demonstrate that subtle methodological changes in the synthesis of basal 14 C ages lead to substantially different interpretations of temporal trends in peatland initiation, with direct implications for the role of peatlands in the global carbon cycle.
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radiocarbon dating | peatland carbon | ice core methane | paleoclimate P eatlands play an important role in millennial-scale climate change and the carbon (C) cycle because they are important C sinks (1, 2) as well as a substantial methane (CH 4 ) source (3, 4) . Atmospheric CH 4 concentrations (AMC) rose quickly during deglaciation and following the Younger Dryas chronozone, but then declined steadily until ∼5 ka (ka ¼ 10 3 cal yr BP; cal yr BP ¼ calendar years before A.D. 1950) before rising again during the late Holocene (5) . However, controversy surrounds the temporal pattern of peatland initiation and expansion, the role of peatlands in deglacial and early Holocene atmospheric CH 4 fluctuations, and what, if any, role peatlands played in the middle Holocene reversal of AMC (6) (7) (8) (9) .
Compilations of radiocarbon ( 14 C) dates on basal peat deposits provide the foundation for efforts aimed at assessing the longterm role of northern peatlands in the climate system and the C cycle (6) (7) (8) (9) (10) (11) (12) . In a landmark study, MacDonald et al. (7) compiled 1,516
14 C dates on basal peat from across middle-and highlatitude Asia, Europe, and North America. They found that boreal and northern peatlands expanded rapidly between 12 and 8 ka, and proposed a direct link between northern peatland expansion and the early Holocene rise in AMC.
Using similar compilations of 14 C dates, others have noted the relation between deglaciation and peatland initiation (13) , and the implications of lateral peatland expansion for late Holocene terrestrial C cycling (8) . Most recently, Jones and Yu (9) compiled new and previously published basal 14 C dates from Alaskan peatlands (Fig. 1) , and suggested that they were an important CH 4 source during the initial abrupt rise in AMC at Termination 1B.
Compilations of peatland basal 14 C dates make the implicit assumption that the compiled dates faithfully reflect the timing of peatland initiation, but peat can be difficult to date reliably (e.g., 14) and many 14 C dates used in such compilations are decades old and have large analytical uncertainty terms. More critically, radiocarbon dates must be calibrated to calendar years because production of 14 C, and its relative distribution in the oceans, atmosphere, and terrestrial biosphere, is not constant through time ( Fig. 2A and ref. 15 ). The calibration process yields potentially large, non-Gaussian, distributions of likely calendar ages that present interpretive challenges for 14 C-dated compilations of peatland initiation.
Here, we use the recent compilation of basal peat 14 C dates from Alaska (9) as a case study to examine how different treatment of 14 C dates affects interpretation of temporal trends for peatland initiation, before demonstrating the broad applicability of our results for global peatland 14 C datasets and associated C cycle implications. Our revised chronologies reveal that northern peatland initiation lagged abrupt deglacial and early Holocene increases in AMC, and thus could not have been the principal driver for the AMC increases.
Results and Discussion
Of the 274 14 C dates presented by Jones and Yu (9) (hereafter termed JY10 all ) we rejected 115 dates (Fig. 1 , Dataset S1, and SI Text) based on poor suitability of the dated material, lack of supporting stratigraphic context, poorly constrained stratigraphy in the original source, or because the most parsimonious stratigraphic interpretation does not involve peatland initiation. For example, we deemed inappropriate the inclusion of 14 C dates on peat interbedded within fluvial sediments or thin peat stringers overlying till (e.g., I-10469 and CAMS-41410 in Dataset S1); such dates record, at best, the timing of geomorphic processes or glacial recession, and are unrelated to peatland initiation. The vetted compilation of 14 C dates (JY10 vet ) contains 159 14 C dates. Of these, 70 were sampled from sites within last glacial maximum (LGM) ice limits and only 76 were sampled from areas with at least 5% areal coverage by peat ( Fig. 1 and Table S1 ).
The histogram method (HIST; see Methods), employed in most previous compilations of basal peat 14 C dates (6, 7, 9, 10, 12) , uses the summed number of calibrated age ranges within a given year, or range of years, as a proxy time series for peatland initiation; cumulative initiation curves are then used to infer changes in total peatland area over time (e.g., 9, 16). Using HIST, both JY10 all and JY10 vet exhibit similar temporal structure, with a pronounced mode of peatland initiation between ∼10 and 12.5 ka (Fig. 2B) . The magnitude of this mode is muted in JY10 vet , though cumulative peatland development for both JY10 all and JY10 vet is similar. Both datasets show peatland initiation commencing ∼18-16 ka and increasing steadily until ∼11 ka, with short-lived drops in peatland initiation ∼11.2 ka. The rate of peatland initiation slows precipitously in both records after ∼11-10 ka. By 9 ka, the cumulative curves associated with the HIST method for both datasets show almost 70% of present peatland area was established, and only ∼15% of Alaska peatland area formed after 5 ka.
The HIST method generates n ¼ r · b −1 peatland initiation events for each calibrated age range of an individual radiocarbon date, where r and b are the length in years of the calibrated age range and the histogram bins, respectively; thus, the number of peatland initiation events generated by the HIST method is much higher than the number of basal peat 14 C dates used in the analysis (e.g., Fig. S1 ). For example, JY10 all yields 5099 peatland initiation events (i.e., 50-yr calibrated age range bins) for only 274 basal 14 C dates. Similarly, using the HIST method, JY10 vet gives 3,165 peatland initiation events for 159 basal peat 14 C dates.
We suggest that the HIST method for generating proxy records of peatland initiation from large compilations of 14 C dates is flawed. First, by counting multiple bins within a single calibrated age range, the HIST method effectively creates multiple peatland initiation events, of different ages, based on one 14 C date. Second, by weighing equally the 50-yr bins at the extremes of the calibrated age range, the HIST method assumes that the tails of the probability density function for a given calibrated age range are just as likely to represent the true calendar age of the basal peat sample as the mode or modes of the probability density function (e.g., Fig. S2 ). Finally, because large calibrated age ranges generate more bins (i.e., more peatland initiation events) than small calibrated age ranges, the HIST method biases the 14 C record of peatland initiation toward the late Pleistocene and early Holocene. This is because older 14 C dates tend to have larger associated laboratory uncertainties (Table S1 and Fig. S3 ), in turn yielding larger calibrated age ranges and more numerous bin entries, particularly for calibrated dates affected by 14 C plateaus.
As an alternative to the HIST method of summarizing the basal peat 14 C dataset for Alaska, we calculated the sum of the probability density functions associated with each calibrated age range (hereafter termed the PROB method). In this approach, the shape of the summed probability curve represents relative changes in the frequency of peatland initiation (see Methods). This alternative reconstruction of peatland initiation in Alaska is strikingly different from the HIST reconstruction (Fig. 2C ). Peatland initiation does not begin in earnest until ∼14 ka. There is a pronounced (∼1;000 yr) pause in the rate of peatland initiation during the Younger Dryas, when the HIST record shows only a (17) show that large areas of interior Alaska remained uncovered by ice. Organic-rich soils of the Histosol order and Histel suborder (18) are mapped as an approximation of peatland extent in Alaska. Shaded relief bathymetry and elevation maps from ETOPO2 and the Alaska Geospatial Data Clearinghouse, respectively. short pause, followed by a rapid increase, in the expansion of peatlands. Both records exhibit a sharp decrease in peatland initiation after ∼10 ka, but the PROB record reveals substantial late Holocene peatland initiation after 5 ka that is not present in the HIST record (Fig. 2C ). In terms of cumulative peatland development, the PROB method for JY10 vet shows 55% of Alaska peatlands were developed by 9 ka, and ∼25% initiated after 5 ka.
Limitations of the Summed Probability Approach. Although many other studies have employed summed calibrated probability distributions to summarize 14 C date compilations (e.g., 19-21), we are mindful that there are limitations and pitfalls to this approach (22) (23) (24) . For example, 14 C dates with large laboratory uncertainty terms typically result in wide calibrated age ranges that can blur peaks and troughs in summed probability curves. Indeed, more than half the 14 C dates in JY10 vet and JY10 all have laboratory uncertainties >100 yr (Table S1 ). However, blurred probability distributions are a more critical issue for identifying short-duration events than multicentennial or millennial-scale temporal trends (e.g., 19 ). In addition, summed probability distributions must be interpreted with caution, particularly when the number of 14 C dates in a particular time interval is low. Differences in the slope of the 14 C calibration curve can also alter relative peak heights within summed calibrated probability distributions. However, the direct stratigraphic association between basal 14 C dates and peatland initiation simplifies our analysis, particularly in this carefully vetted dataset. Moreover, the use of 100-yr means (or larger) is thought to minimize chronological artefacts caused by fluctuations in the 14 C calibration curve (25) .
We emphasize that there is much room for improvement in the quality of 14 C dates in large basal peat compilations, irrespective of the method used to infer trends in peatland initiation. For example, only a minority of 14 C dates from Alaska were measured by accelerator mass spectrometry (Table S1 ), which provides high-precision age determinations and, importantly, allows dating of discrete terrestrial plant macrofossils. Numerous 14 C dates in JY10, and other compilations, were obtained from bulk peat samples that may be contaminated with older C due to hard-water effects (26) , the incorporation of finely comminuted Cenozoic coals (27) , or potential assimilation of recycled 14 CH 4 in submerged Sphagnum (28). Contamination of bulk peat through penetration by rootlets or humic acids (e.g., 14) is also of particular concern because appropriate pretreatments are rarely documented in the original published sources (Table S1 ). Finally, we acknowledge that basal peat 14 C dates often reflect minimum ages for peatland initiation (i.e., the true initiation date may be older than suggested by a given 14 C age), though this is balanced to some extent by some of the contamination issues discussed above.
Peatland Initiation, Deglaciation, and Sampling Bias. While peatlands within glacial limits are suitable for evaluating the long-term role of peatlands in the C cycle, they may not be ideal targets when attempting to identify extrinsic controls on peatland initiation (9) . This is because it may be difficult to disentangle climatic and/or hydrological drivers of peatland initiation from deglacial landscape succession (13) . There also exists a sampling bias toward sites within ice limits because many basal peat 14 C dates were compiled from early studies that were focused on establishing chronologies for regional deglaciation ( Fig. 1 and Dataset S1). This sampling bias is particularly severe in Alaska, where the majority of mapped peatlands are located outside LGM ice limits, but about half of the sampling sites for basal peat 14 C dates are within LGM ice limits ( Fig. 1 and Table S1 ). PROB and HIST methods. While vetting of the JY10 14 C database changed the relative magnitude of peaks and troughs in the HIST-based record of peatland initiation, it did not demonstrably alter its temporal structure. In contrast, the PROB-based record of Alaska peatland initiation differs in key respects from the HISTrecord. To assess the broader implications of our results, we applied the PROB method to the MacDonald et al. (7) circum-Arctic compilation of 1,516 basal peat 14 C dates (hereafter: MacD06), which was originally reported using the HIST method with 1-yr bins of 1σ calibrated age ranges, and to the Walter et al. (29) compilation of 69 basal 14 C dates from thermokarst lakes, which was originally reported using a modified HIST method (see Methods).
As is the case with the Alaska dataset, the PROB method yields important differences in the timing and cumulative pace of circum-Arctic peatland initiation (Fig. 2D) . The HIST reconstruction overestimates circum-Arctic peatland initiation between ∼13 and 9 ka, and there are millennial-length periods of underestimation after 8 ka (Fig. 2D) . As observed in Alaska, circum-Arctic peatland initiation increases nearly monotonically through the Younger Dryas in the HIST reconstructions, but the PROB method shows that peatland initiation slackened during that interval. Interpretation of trends in peatland initiation also diverges during the late Holocene, particularly after ∼3 ka, when the PROB method suggests renewed, though relatively low magnitude, northern peatland initiation that it is not present in the HIST reconstruction. Cumulative curves of peatland initiation based on the HIST method applied to MacD06 reveal that ∼40% of peatlands were initiated by 9 ka and ∼25% of peatlands formed after 5 ka (Fig. 2D) . In contrast, when MacD06 is reassessed using the PROB method, ∼30% of peatlands were initiated by 9 ka, and another ∼30% postdate 5 ka.
The HIST and PROB-based reconstructions of thermokarst lake initiation are broadly similar (Fig. 2E) because the modified HIST method used by Walter et al. (29) is based on midpoints of calibrated age ranges. This eliminates systematic biases in the frequency histogram that are the result of different lengths of calibrated age ranges. In general, and as suggested by Walter et al. (29) , the most rapid increase in thermokarst lake initiation occurs after the Younger Dryas, with the most prominent increase occurring between ∼10.5 and 9.5 ka. Cumulative curves for thermokarst lake initiation indicate that nearly half (45%) of thermokarst lake initiation since 20 ka occurred between 9 and 11.5 ka, suggesting rapid thermokarst lake development after Termination 1B (Fig. 2E) . High-magnitude, short-duration peaks in the thermokarst lake PROB curve, particularly after ∼8 ka, are probably overemphasized due to the small sample size (n ¼ 66 14 C dates) and therefore should be interpreted cautiously. 4 Concentration. Atmospheric CH 4 concentration increased gradually between 19 and 15 ka, before increasing rapidly at the start of the Bølling-Allerød interstadial (Termination 1A) (Fig. 3 A  and B) . AMC remained stable around 680 ppb, then decreased abruptly at the start of the Younger Dryas. At the end of the Younger Dryas (Termination 1B), AMC abruptly increased once again, this time to over 700 ppb. Changes in the strength of CH 4 sources are usually advanced as the main drivers of deglacial and early Holocene AMC fluctuations (30) , though some modeling efforts suggest that variations in CH 4 sinks may have been important as well (e.g., 31). Various sources have been proposed for the abrupt high-magnitude increases in AMC during Terminations 1A and 1B. One hypothesis proposes release of large quantities of CH 4 from marine gas hydrates during deglaciation (32) . However, isotopic analyses of ice-core CH 4 (Fig. 3C) demonstrate that CH 4 clathrates were not responsible for the increases in AMC during the Pleistocene-Holocene transition (33, 34) . Methane emissions from expanding northern peatlands have been invoked as potential drivers of deglacial AMC, based on modeled interhemispheric gradients in CH 4 sources (5, 35, 36) and HIST-based compilations of basal peat 14 C dates (6, 7, 9, 10, 12, 16) . Alternatively, Walter et al. (29) suggested that CH 4 ebullition from newly formed thermokarst lakes drove much of the increases in AMC during the deglacial and early Holocene interval. Our PROB-based reanalyses of basal peatland 14 C dates reveal a previously unidentified lag between the abrupt rises in deglacial AMC and the timing of northern peatland initiation. Peatland initiation in Alaska did not increase rapidly until ∼14 ka (Fig. 3D) , well after the rapid initial increase in AMC during Termination 1A (Fig. 3B) . A similar lag exists in the larger circumpolar dataset of MacD06, which exhibits little peatland development from 18-14 ka, and only a gradual increase between 13 and 14 ka. The initiation of new thermokarst lakes also clearly lags pronounced warming in Greenland and the abrupt rise in AMC (Fig. 3E) . Thus, we conclude that the initial rapid increase in AMC at Termination 1A was not driven by an expansion of northern peatlands or thermokarst lakes.
Implications for Deglacial and Holocene Changes in Atmospheric CH
During the Younger Dryas, AMC declined by ∼200 ppb (Fig. 3B) . Fischer et al. (40) report a reduced boreal CH 4 source during this period, based on δ 13 CH 4 values from the EPICA Dronning Maud Land ice core that are ∼2‰ higher than during the Bølling-Allerød (Fig. 3C) . Furthermore, reconstructions of the interhemispheric CH 4 gradient are at their lowest during the Younger Dryas (5, 35, 36) (Fig. 3B) , also suggesting a reduction in boreal sources of CH 4 . In contrast, previous HIST-based compilations of basal 14 C dates have reported little to no decline in the rate of expansion for both Alaskan (9) and northern peatlands during the Younger Dryas (6, 7). Our PROB-based reanalysis reconciles these differences by revealing a near-millenniallength reduction in the rate of northern peatland initiation during the Younger Dryas (Fig. 3D) . We acknowledge, however, that it can be difficult to obtain reliable peatland 14 C chronologies during the Younger Dryas because of a plateau in the 14 C calibration curve ( Fig. 2A) .
Atmospheric CH 4 concentrations rose by ∼200 ppb in ∼200 years (Fig. 3B) at the end of the Younger Dryas ∼11.6 ka (Termination 1B), in concert with an abrupt increase in Greenland temperatures (Fig. 3A) . Earlier HIST-based analyses of 14 C compilations proposed that Alaskan peatlands (9) and/or thermokarst lakes (29) drove much of this rapid increase in AMC. As with the rise in AMC at Termination 1A, our reanalysis reveals that the initiation of new peatlands across the circum-Arctic lags the Termination 1B rise in AMC by 500-1000 yr (Fig. 3D) . The thermokarst lake PROB profile reveals a similar lag between the expansion of thermokarst lakes and the rise in AMC (Fig. 3E) . We also note that refinements to the 14 C calibration curve (41) and inclusion of additional high-precision accelerator mass spectrometry 14 C dates should yield smaller 2σ calibrated age ranges, which in turn will increase the temporal lag between peatland/ thermokarst lake initiation and the abrupt rises in AMC.
Our reanalyses suggest northern peatlands and thermokarst lakes did not initiate the abrupt increases in AMC during Terminations 1A and 1B. Nonetheless, northern peatlands were clearly important CH 4 sources during the early Holocene. The initiation of new Alaskan peatlands reaches a maximum between 10 and 11.5 ka, whereas the expansion of northern peatlands peaks between 8 and 10 ka (Fig. 3D) . In Alaska, this brief early Holocene interval contains ∼20% of the cumulative probability in peatland basal dates (Fig. 2C) , roughly equivalent to the cumulative probability contained within the preceding 7.5 ka. A similar result is revealed by the circum-Arctic dataset, in which ∼20% of the cumulative probability of calibrated 14 C dates is contained between 8 and 10 ka. Likewise, formation of new thermokarst lakes exhibits a bimodal peak between 9 and 10.5 ka. These early Holocene increases in peatland and thermokarst lake formation are mirrored by an increase in the interhemispheric CH 4 gradient (Fig. 3B) , pointing to the increased importance of northern sources for the global CH 4 budget after Termination 1B.
If the initial abrupt increases in A MC during Terminations 1A and 1B were not caused by either a destabilization of CH 4 hydrates or a rapid expansion of northern peatlands and thermokarst lakes, then other CH 4 sources must be advanced. Yu et al. (16) recently compiled basal 14 C dates from tropical and southern hemisphere peatlands, and suggested that these regions could have been important source areas for atmospheric CH 4 prior to widespread initiation of northern peatlands. However, the tropical peatland 14 C database in (16) includes relatively few dates, hindering definitive evaluation of southern peatlands and tropical wetlands as the source for the initial rises of AMC during Terminations 1A and 1B. Nevertheless, the lag between the AMC rise that precedes rapid increases in northern peatland and thermokarst lake initiation, as well as isotopic evidence against the clathrate source hypothesis, suggests that temporal trends of tropical and southern hemisphere peatland initiation warrant further study.
Atmospheric CH 4 concentration declined between ∼10 and 8 ka, then remained relatively constant until ∼5 ka, when AMC began a gradual rise, increasing by ∼100 ppb over the late Holocene (Fig. 3B) . While the interhemispheric CH 4 gradient suggests that northern peatlands remained an important CH 4 source until ∼2-3 ka, rates of northern peatland initiation are generally thought to have decreased after ∼10 ka (6, 7, (9) (10) (11) (12) . The perceived lack of substantial late Holocene peatland initiation has opened the door for alternative drivers [e.g., early agricultural activities (42)] of late Holocene atmospheric CH 4 . However, lateral expansion of northern peatlands increased through the late Holocene (8) , and the margins of expanding peatlands are typically minerotrophic fens, which are hot spots for CH 4 emissions (43). In addition, our PROB record of basal 14 C dates in Alaska also shows a pronounced rise in peatland initiation after ∼4.5 ka (Fig. 3D) . Thus, our reanalysis, together with reconstructions that incorporate lateral peatland expansion (8) , implies that northern peatlands may be a potentially underappreciated CH 4 source that could have contributed to the late Holocene rise in AMC.
Radiocarbon dating is the foundation for efforts aiming to understand millennial patterns of peatland initiation. Our reanalysis of two basal peat 14 C-date compilations shows that subtle differences in the selection and treatment of basal peat 14 C dates can have important implications for interpretation of trends in peatland initiation. These trends have been incorporated into C cycle models and estimates of global C sequestration in peatlands (16, (44) (45) (46) . For example, the most current estimate of the global pool of C sequestered in peatlands is based on the product of peat C accumulation rates and cumulative peatland area through time (16) . In turn, the estimates of cumulative peatland area are based on frequency histograms of binned 14 C dates of peatland initiation, an approach that we have shown is liable to introduce chronological artefacts. Future efforts will benefit from more critical screening of existing 14 C dates before they are included in large compilations of basal peat dates, and should apply a more nuanced approach to the incorporation of calibrated 14 C dates in chronologies of peatland development. When such strategies are adopted, it is possible to discern important temporal relations between peatland initiation and atmospheric CH 4 concentrations that were previously obscured by systematic methodological bias.
Methods
We chose the JY10 dataset as a case study to evaluate the effects of 14 C date vetting and different data synthesis methods because we are familiar with the geographic setting and Quaternary history of Alaska, and because details for 14 C dates presented outside the refereed journal literature are widely available through the Alaska Division of Geological and Geophysical Surveys website (http://www.dggs.dnr.state.ak.us/). In contrast, many 14 C dates in MacD06 are not readily available.
We used a corrected dataset of 274 14 C dates from JY10 for further analysis (JY10 all ; Dataset S1; http://www.pnas.org/content/107/16/7347/suppl/ DCSupplemental). We then compiled information about each of these 274 dates from original sources, including: the material dated; the pretreatment method employed (if any); the counting method (i.e., radiometric or accelerator mass spectrometry); stratigraphic context; and the original interpreta-tion of the 14 C date, if provided. We vetted the 14 C dates and excluded those that were unreliable (SI Text, Table S1 , and Dataset S1), resulting in a dataset of 159 14 C dates (JY10 vet ).
We calibrated 14 C dates using CALIB v6.0 (47) and the IntCal09 calibration curve (48) , and compiled the 2σ age ranges (Dataset S1) using two methods. First, following many earlier studies of peatland initiation (6, 7, 9, 10, 12, 16) , we created a histogram of all the calibrated age ranges for JY10 all , JY10 vet , and MacD06 by rounding the extremes of each 2σ age range to the nearest 50 yr, compiling each calibrated age range into 50-yr bins, and summing the number of calibrated ranges for all 14 C dates within each 50-yr bin (HIST method; e.g., Fig. S1 ). We note that our HIST record of peatland initiation for MacD06 differs slightly from (7) because they used 1-yr bins, as opposed to our 50-yr bins. We followed the methods used in (29) for the HIST-based compilation of basal 14 C ages from thermokarst lakes; we counted the number of midpoints from each 2σ age range within 1,000-yr bins centered on successive 100-yr intervals. Second, using a routine within CALIB v6.0, we generated a summed probability curve for each dataset by summing the probability density functions associated with each calibrated age and then calculating 100-yr means of the summed probabilities (PROB method). We repeated the PROB analysis on MacD06 using 50-and 500-yr means of the summed probabilities, and note that the broad PROB-based trends of northern peatland initiation appear relatively insensitive to the length of time used for calculating mean probabilities (Fig. S4) . Summed probability data for JY10 vet , MacD06, and thermokarst lakes (29) are available in Dataset S2. To facilitate comparison of the two methods for compilation of 14 C dates, we normalized the HIST and PROB datasets to zero mean and unit variance (z-score), then rescaled the normalized scores so that the lowest score had a value of zero.
We examined spatial patterns of basal peat sampling sites in JY10 all and JY10 vet by mapping their distribution in relation to last glacial maximum ice limits and organic-rich Histosol and Histel soils (18) using ArcMap GIS (Fig. 1) . In the US Department of Agriculture soil taxonomy, Histosols have at least 40 cm of organic material (>12% organic C) in the uppermost 80 cm of the soil profile, whereas Histels are similar to Histosols but are perennially frozen within 100 cm of the soil surface.
